Men and women, so different in their adult behavior, are expected to have different brain organizations. Research with nonhuman animals has recently begun to uncover the brain mechanisms in the hypothalamus that underlie male-female differences in such basic functions as mating behaviors. Furthermore, even in the higher structures, sex differences have been observed.
Men and women, so different in their adult behavior, are expected to have different brain organizations. Research with nonhuman animals has recently begun to uncover the brain mechanisms in the hypothalamus that underlie male-female differences in such basic functions as mating behaviors. Furthermore, even in the higher structures, sex differences have been observed.
Sex differences in brain asymmetry have been reported for a species of albino rat. Diamond et al. (1981) reported that male rats showed significant thicker right hemispheres at all ages except very old. On the other hand, female rats somewhat showed thicker left hemispheres, although the differences for females were not significant statistically. Furthermore, measurements of the hippocampus show laterality effects as well. The male rat has large, significant differences favoring the right hippocampus early in life: these differences decrease considerably with age. The female rat shows the reverse asymmetry; the left hippocampus is thicker than the right, with the differences reaching statistical significance only at 21 and 90 days of age. In addition, the size of the corpus callosum is larger in the male rat than in the female rat. If testosterone is administered to newly born female rats, the corpus callosum becomes larger. On the other hand, male fetuses exposed to an antiandrogen have a smaller corpus callosum.
Such facts emerging from the animal literature provide indirect support for the notion that the human brain is sexually differentiated. A quantitative analysis of the volume of 4 cell groups in the interstitial nuclei of the anterior hypothalamus (INAH) of 22 age-matched male and female individuals showed gender-related differences in the 2 cell gropus. One nucleus (INAH 3) is 2.8 times larger in the male brain than in the female brain irrespective of age. The other cell group (INAH 2) is twice as large in the male brain, but also appeared to be related in women to circulating steroid hormone levels. These results suggest that functional sex differences in the hypothalamus may be related to sex differences in neural structure (Allen et al., 1989) . The volumes of four cell groups in the INAH 1, 2, 3 and 4 were measured in postmortem tissure from two subject groups: men who were presumed to be heterosexual, and homosexual. No differences were found between the groups in the volumes of INAH 1, 2 or 4. INAH 3 was more than twice as large in the heterosexual men as in the homosexual men (LeVay, 1991) . This finding indicates that INAH is dimorphic with sexual orientation, at least in men, and suggests that sexual orientation has a biological substrate.
Sexual differentiation is not limited to hypothalamic structures. Sylvian fissures of 67 brain specimens were measured postmortem from people who had been tested before death for detailed hand preference. Men having consistent-right-hand preference had longer the horizontal segments of sylvian fissure in both hemispheres compared to men not having consistentright-hand preference. Contrary to this, no association was found between hand preference and sylvian fisssure anatomy in women. In addition to this, a recent study of the brain scans from 146 healthy subjects by Allen and Gorski of UCLA (1991) showed a dramatic sex difference in the shape of the corpus callosum. Although there were no significant differences in overall size of the corpus callosum as a function of sex, the splenium (the last onefifth of the corpus callosum) was more bulbous shaped in females and more tubular in males. It is not known whether this difference is related to a sex difference in the number or relative distributions of axons. If it were, it might, at least in part, underlie sex differtences in cerebral lateralization. McGlone (1978) reported data from 85 right-handed adults with damage to the left or the right hemisphere of the brain.
Each patient was given a battery of psychological tests, including the Wechsler Adult Intelligence Scale (WAIS) and an aphasia test, to determine whether the pattern of verbal and nonverbal deficits was a function of both sex and side of damage. Aphasia afetr damage to the left hemisphere occurred in males three times more frequently than in females. In contrast, performance on the nonverbal subtests of the WAIS did not show any significant differences due to sex or side of damage. For men, left-hemisphere damage impaired verbal IQ more than nonverbal IQ, and righthemisphere damage lowered nonverbal performance (Appl Human Sci, 17 (4): 161-163, 1998) relative to verbal. Women showed no effect of side of lesion. Their verbal and nonverbal IQ scores were not signicantly different for damage to the left or the right side. These data suggest that both language and spatial abilities are more bilaterally controlled in females than in males. Thus, it was proposed that both speech and spatial functions were more bilaterally organized in females, while in males they were more dependent on the left and right hemispheres respectively than was the case in females.
Furthermore, several verbal dichotic listening studies of normal subjects have reported that males have a greater right ear advantage than do females. Overall, about half of the verbal dichotic-listening studies that look for sex differences do not find them; the remaining half report greater lateralization for males. Visual-field studies have also been employed to address the possibility of sex differences in brain organization. For the most part, the results showed greater lateralization in males when tasks involve the processing of words.
According to the recent PET studies, males demonstrated greater asymmetries in frontal lobe activity. These findings suggest that other reported sex differences in lateralization may specifically stem from sex differences in the organization or utilization of the frontal regions of each hemisphere (Podell, 1991; Shaywitz, 1995) . The imaging method based on blood flow or volume such as PET require metabolic changes in blood vessels which limit their temporal resolution to hundred milliseconds at best. On the other hand, temporal resolution of magnetoencephalography (MEG) is sensitive enough to measure neural process in the millisecond range. In fact, a whole-cortex neuromagnetic measurement shows the possibility of imaging the human cortico-hippocampal neural networks on the millisecond time scale during cognitive processes (Kikuchi et al., 1997) . In near future, asymmetries of the neural activities in each area may be clarified in the millisecond range during some cognitive processes, in normal male and female brains, using MEG.
Hormones and Cognitive Function
There is a greater deal of evidence pointing to the profound effect of sex hormones on mammalian development, both physical and behavioral, although much remains to be learned about their effects on brain organization and cognitive functioning in man. Early in life the action of sex hormones establishes sexual differentiation; if the testes of a genetically male organism do not produce androgens or if the hormones cannot act on the developing tissue, the organism will develop as a female. Sex hormones also organize gender-specific behaviors early in life. If a rodent with functional male genitals is deprived of androgens right after birth, it will show enhanced female sexual behavior and reduced male sexual behavior as an adult. The reverse is also found; if androgens are administered to a female directly after birth, her behavior as an adult is more characteristic of a male.
Studies related to prenatal hormones and cognitive behavior in humans have been relatively recent and few in number. Sanders (1992) investigated the relationship between prenatal sex hormones and cognitive function in ten male subjects whose mothers had taken diethylstilbestrol (DES) while pregnant. A control group consisted of ten male siblings who were not exposed to DES. The Witelson Dichaptic Shapes Test (Witelson and Kigar, 1992) and the Wechsler Intelligence Scales was administered to both groups. The DES-exposed group scored lower than their nonexposed brothers on the spatial component of the test, which included measuring the time to find the missing parts of a picture and complete a jigsaw puzzle. On the other hand, studies of children with congenital adrenal hyperplasia (CAH) have also provided evidence bearing on the cognitive effects of hormones present early in life. In CAH, the adrenal glands produce abnormally high quantities of androgens, beginning in the third month of fetal life. Girls affected by CAH performed better than unaffected girls in tests of spatial manipulation, spatial rotation, and a task that involved finding a simple figure hidden within a more complex one. All these tasks are usually performed better by males. In addition, high-testosterone women performed better than low-testosterone men. It is suggested that there may be some optimum level of androgen for spatial ability, perhaps in the low male range.
Geschwind and Galaburda proposed a theory that high level of prenatal testosterone slow neuronal growth in the left hemisphere, allowing relatively greater development in the right hemipshere. Because males are usually exposed to high levels of testosterone during prenatal development (from their own developing testes as well as smaller amounts from the mother), this theory is offered to explain the greater incidence of lefthandedness in males. The theory may also be applied more generally, however, to overall differences in brain organization between males and females.
